Pd Doped SnO2 Resistive Film As A Non-Enzymatic Glucose Sensor by Bamsaoud, Salim F. et al.
Hadhramout University Journal of Natural & Applied Sciences 
Volume 14 Issue 2 Article 9 
2021 
Pd Doped SnO2 Resistive Film As A Non-Enzymatic Glucose 
Sensor 
Salim F. Bamsaoud 
College of Science, Hadhramout University 
Sandhya Rani 
Department of Physics, University of Pune, India 
R. N. Karekar Prof. 
Department of Physics, University of Pune, India 
S. W. Gosavi 
Department of Physics, University of Pune, India 
Follow this and additional works at: https://digitalcommons.aaru.edu.jo/huj_nas 
 Part of the Biological and Chemical Physics Commons, and the Nanoscience and Nanotechnology 
Commons 
Recommended Citation 
Bamsaoud, Salim F.; Rani, Sandhya; Karekar, R. N. Prof.; and Gosavi, S. W. (2021) "Pd Doped SnO2 
Resistive Film As A Non-Enzymatic Glucose Sensor," Hadhramout University Journal of Natural & Applied 
Sciences: Vol. 14 : Iss. 2 , Article 9. 
Available at: https://digitalcommons.aaru.edu.jo/huj_nas/vol14/iss2/9 
This Article is brought to you for free and open access by Arab Journals Platform. It has been accepted for 
inclusion in Hadhramout University Journal of Natural & Applied Sciences by an authorized editor. The journal is 
hosted on Digital Commons, an Elsevier platform. For more information, please contact rakan@aaru.edu.jo, 
marah@aaru.edu.jo, u.murad@aaru.edu.jo. 
Hadhramout University Journal of Natural & Applied Sciences, Volume 14, Issue 2, Dec 2017 
961 
Pd Doped SnO2 Resistive  Film As A Non-Enzymatic  
Glucose Sensor 
 
Salim Faraj Bamsaoud*                                 Sandhya Rani**
 
 




 A new sugar sensor based on metal oxide is presented here. The variation on the sensor resistance is studied against 
different glucose and fructose concentrations (1 - 360 mg/dl). The study is done for three different resistive films (i) 
pristine palladium oxide (PdOx); (ii) tin oxide (SnO2) and (iii) palladium doped tin oxide (Pd-SnO2). The chemical 
reactions of glucose and fructose with surface species were studied . Pd-SnO2 films show excellent and reliable 
response to glucose and fructose solution in comparison with the bare films (PdOx and SnO2). Sensor performance 
was checked for blood of normal (120 mg/d) and diabetic (420 mg/d) patient. The sensor showed remarkable 
response of ~2 and 12 for normal and diabetic patient respectively. The non-enzymatic sensor showed a good 
stability, repeatability and reproducibility. The structure and morphology of these films were characterized by X-ray 
diffractometer, Transmission Electron Microscopy (TEM). 
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Introduction: 
The rising demand of glucose sensor has driven 
tremendous research efforts for decades [22, 30]. 
Researchers are looking for a reliable, 
reproducible, sensitive and fast response glucose 
sensor along with low cost,  low power 
consumption and small size. Glucose oxidase is 
widely used in sensor fabrication, [6,8 ,12 ,17,25 
,28, 29, 33,35] It catalyses the oxidation of 
glucose to gluconolactone. The enzymatic sensor 
of glucose is highly sensitive and selective. 
However, the poor stability and interference of 
oxidizable species that the sensor is subjected, 
are counted as common problems. The activity of 
glucose oxidase enzyme is highly affected by 
temperature, pH value, humidity and toxic 
chemicals [30].  
Great attention has been paid to develop enzyme-
free sensor to detect the glucose and fructose. In 
developing the enzyme-free polaro sensor, the 
sensor is tested with the direct electro-oxidation 
of glucose using different substrates such as 
platinum [26], gold [16], alloys [23] ,copper [5, 
10, 18, 31] and mercury [20]. However, these 
electrodes are intoxicated due to surface 
adsorption of intermediates and chlorides. These 
contaminated electrodes lead to low sensitivity 
and selectivity along with poor reusability. 
Reliable fructose sensors could be more useful   
in measuring the quantity of sugar in food 
products such as fruit juice and high-fructose 
corn syrup. The sensor is also useful in clinical 
samples including blood serum and seminal 
plasma. An enzymatic spectrophotometric assay 
is available for fructose determination; however 
it is time intensive, tedious and costly [21]. 
Several groups have recently used the 
immobilization of Gluconobactersp and fructose 
dehydrogenase to constrict various amperometric 
biosensors for fructose. However, it may be 
useful to explore new materials which can be 
developed as better non-enzymatic glucose and 
fructose sensor. 
Tin oxide has wide application in solar cells, 
sensors, opacifiers and bio-chemical applications 
[1,2 ,13 ,15 ,24 ,27]. The compound attracts 
many researchers due to its useful electric 
properties, low cost and the chemical stability. 
Doped and undoped tin oxide have widely used 
in biosensor. These materials are used as an 
electrode with a specific immobilized enzyme 
deposited on surface of the material [1,15 ,27]. 
The specific enzyme is used as an electrocatalyst. 
Similarly, in non-enzymatic sensors, the modified 
materials on the surface of the electrodes are also 
act as the electrocatalysts [32].  
In this work, the fast, simple and low cost SSTD 
method is customized to demonstrate new non-
enzymatic glucose sensor using spin coating 
technique to fabricate three different metal 
oxides. The sensor was designed to work similar 
to a resistive gas sensor, but with sample liquid 
drop in order to have cheap and simple way to 
check sugar quantity in blood. The variation of 
sensor resistance was studied when liquid 
(glucose) interfaces solid (film).  
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Experimental: 
All the reagents, Acetone, glucose, fructose, 
Na2HPO4, NaCl, SnCl2 and PdCl2 were of 
analytical grade and the solutions were freshly 
prepared with double distilled water. 
 
Preparation and characterization of sensor 
films: 
Tin chloride as well as palladium chloride 
solution were separately  prepared in acetic acid. 
The third solution was prepared by dissolving 
mixer of PdCl2 and SnCl2 (ratio 3:97 by weight) 
in acetic acid. The solid to liquid ratio for all the 
three solutions was 3:6 by wt. The films were 
deposited on soda-lime glass substrate. The 
substrates were cleaned using chromic acid  
several times and then followed by rinsing with 
distilled water. Films were deposited by spinning 
0.5 ml of the prepared solution. Both speed and 
time of spinning were controlled to get 
approximately equal thickness. The dried films 
were annealed at 550°C for 40 min. The firing 
temperature and firing time were optimized for 
tin oxide films [3]. Minimum 3 samples were 
made for each solution types and all the  oxide 
films showed a good adhesion to soda-lime 
substrate. The used ratio of PdCl2 to SnCl2 and 
the firing temperature are optimized for the 
present sensor. 
Fabrication of the present resistive sensor can be 
briefly described as follow: the annealed film 
was cut into 1X2 cm
2
 pieces. Silver paste was 
printed on the two sides of the film using screen 
printing technique. The printed electrodes were 
allowed to dry for 1 hour under an infra red lamp 
(IR) to which copper wires were soldered. Active 
area of the prepared sensor is made to be 1X1 
cm
2 
so that the test drop was made to be located 
on the center of the active area without touching 
the electrodes of the sensor. 
The small angle X-ray diffraction (SAXRD) of 
these annealed films was carried out using X-ray 
diffractometer (Bruker AXS D8 Advance model) 
using Cu Kα  radiation (λ = 1.5418Ǻ) at grazing 
angle of 1°. UV-Vis spectra of these films were 
recorded on spectrophotometer (Jasco V-670). 
Microstructure analysis of the film was carried 
out using transmittance electron microscope 
(JEOL, Model JSM-6360A). The powder of all 
the three samples, that was used to perform the 
transmission electron microscopy (TEM) test, 
were obtained from film by scraping the powder 
off the film using a blade.  
 
Preparation of glucose and fructose solutions: 
Glucose and fructose solutions were prepared in 
(i) phosphate buffer saline (PBS) having pH of 
7.4 as well as in (ii) distilled water. Various 
concentrations of 1, 5, 10, 60, 100, 200, 300 and 
360 mg/dl were prepared and tested. All the 
experiments of testing glucose and fructose were 
done at room temperature (25°C). When samples 
were tested by the solid resistive film, care was 
taken to locate the drop at the middle and no 
sample part was reaching sensor electrodes. 
 
Sensing Characterization: 
The sensing characterization was done by noting 
the variation in the resistance of sensor for each 
glucose/fructose  concentrations. Half bridge 
method was used to determine the resistance of 
sensor [3]. In half bridge method a 100 kΩ 
resistance is connected in series with the sensor 
and 20 volts was applied between the standard 
resistance (series resistance) and the sensor. The 
variation in sensor resistance, in presence and 
absence of glucose/fructose, was determined by 
noting the change in voltage drop of the standard 
resistance. For voltage measurements, three-and-
half-digits digital multimeter was used. 
Sensor response (  ) is defined as the ratio of 
resistance of a sample without glucose (  ) to its 
resistance in presence of test glucose (  ): 
   
   
   
  
2 microlitre (μl) of glucose solution (size of the 
drop ~ 3 mm) was put on the centre of the film 
using a Micropippete. The change in voltage 
drop across series resistance was noted before 
and after putting glucose. Three sets of 
measurements were carried out for each oxide 
film in order to check the repeatability. After 
each measurement, the sensor was cleaned by 
acetone and kept to dry. We define the Response 
time as the time taken by the sensor when its 
resistance undergoes a 90% change with respect 
to the maximum resistance that sensor showing.   
 
Results and Discussion: 
Characterization of PdOx, SnO2 and pd-SnO2 
films: 
Thickness of the film was measured by FTM-7 
and it was found to be (300 ± 50 nm).  Figure 
1(a) illustrates the SAXRD pattern of the films 
deposited on soda-lime glass substrate annealed 
at 550°C for 40 min. The XRD data was 
recorded for films prepared using SnCl2 and 
PdCl-SnCl2 solutions. For both sample, the XRD 
data showed that all the diffraction peaks are 
well indexed to the tetragonal SnO2 structure. 
There was no observable shift in the diffraction 
peaks position when Pd was introduced. 
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Additionally, there was no observable impurity 
phases related to the Pd, PdO or PdO2 in the 
patterns of the film prepared using PdCl-SnCl2. 
The data was confirmed by comparing with the 
Joint Committee on Powder Diffraction 
Standards (JCPDS) data (Card No. 72-1147) and 
the highest intensity was recorded for the 
diffraction peak corresponding to (110) which is 
located at 2θ = 33.9°. Two peaks were observed 
(not seen here) for the film prepared from PdCl2 
solution. The peaks are related to tetragonal 
phase of PdO. Therefore, we feel that the 
undetected signal of PdOx in Pd-SnO2 films was 
probably due to the low amounts of Pd loaded in 
the crystallite SnO2. The peaks may probably 
overlapped with high intensity peak of pure SnO2 
at 2θ = 33.6°. 
  
 
Figure 1: (a) X-ray diffractogram and (b) UV-Vis of single step thermal decomposition nano-particle 
SnO2 and Pd/SnO2 film deposited on glass substrate. 
 
UV-Vis spectra of these oxide films (Fig. 1b), 
shows a single narrow optical absorption 
"peaks". The absorption peak is located at 295 
nm for SnO2 which corresponds to band gap 
energy of ~ 4.2 eV. PdOx and Pd-SnO2 exhibit an 
absorption peak located at 280 and 276 nm 
respectively. The corresponding optical energy 
band gap of Pd-SnO2 film (4.48 eV) is blue-shift 
with respect to that of the pristine SnO2 (Fig. 1b). 
Shifting of the absorption edge/peak to a higher 
energy with respect to that of the bulk might be 
due to small-sized particles and / or morphology. 
The effect of quantum confinement is expected 
in semiconductor when the particle size is 
comparably smaller than Bohr radius. The 
material is expected to exhibit discrete electron 














Figure 2: TEM of (a) Pd-SnO2 (b) pristine SnO2 and (c) pristine PdOx deposited on glass substrate 
  
Figure (2a-2c) shows the TEM images of the Pd-
SnO2,SnO2 and PdOx powder that scraped from 
the films after firing at 550°C. The images (not 
shown) of selected area electron diffraction 
pattern (SAED) reveal that all the samples were 
of poly-crystalline structures. TEM image of Pd-
SnO2 shows nearly similar spherical particles 
with size of 2-5 nm. The TEM of pristine SnO2 
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(Fig. 2b) shows spherical particles of size 5 nm 
along with some particles with bigger size of 10-
15 nm. A bimodal distribution of SnO2 (2-5 nm 
particles distributed on the surface of the10-15 
nm particle) was also noted by the atomic force 
microscopy (AFM) for the SnO2 [4]. This 
bimodal distribution is not seen clearly by TEM 
and that would  probably be due to the film 
morphology that was disturbed to obtain powder. 
TEM results of Pd-SnO2 shows that palladium 
could have influence on keeping particles shape 
identical and smaller. Tan et al [24] observed an 
influence in particle size of SnO2 when a Pd was 
used as dopant. These results could probably due 
to the presence of the Pd additive that modifies 
the growth kinetic of SnO2 nanoparticles. 
Similarly to what Luo et al [19] reported for 
Cerium (Ce) added to tungsten (W) and 
Fardindoost et al [9] for the Pd added to W. They 
have suggested that because of the lower ionic 
radius of W
+6
 (56 pm) comparing to the ionic 
radius of the additive (Ce and Pd), the catalyst 
particles may get accumulated in the grain 
boundaries of tungsten. This accumulation 
prevented grain growth of the tungsten during 
the heat treatment. In our case, the identical and 
smaller size that the Pd-SnO2 films having, is 
probably because of the Pd. The ionic radius of 
Pd (78 pm) will accumulate in grain boundaries 
of Sn
4+
 (71 pm) preventing grain growth of the 
SnO2. It could be said that palladium works as a 
capping agent in the present reaction. 
 
Sensitivity of Pd- SnO2 to glucose without 
enzyme: 
 
The chemical adsorption activity is presented 
here for all the three different oxide towards 
glucose in buffer and in water. The sensitivity of 
the sensors was also noted against fructose in 
buffer and in water. 2 μl of testing sample was 
determined to be the maximum volume that 
could stand exactly in between the sensor 
electrodes. Figure (3a) shows the behavior of all 
the three sensors against glucose solution in the 
buffer. The change in sensor resistance was 
noted when the glucose solution was dropped on 
the active area of the film. A decrease in sensors 
resistance was observed for all the sensors 
(PdOx, SnO2 and Pd-SnO2 ) when glucose was 
exposed. PdOx and SnO2 showed a response 
(    ⁄ )  of 1.5 and 4 for PdOx and SnO2 film 
respectively when 1 mg/dl of glucose was tested. 
As the glucose concentration increased to 360 
mg/dl, the response of PdOx sensor reached the 
value of 28 while the response of SnO2 sample 
reached to 140. However, The Pd-SnO2 sample 
noted a response of 100 and 800 for 
concentrations of 1 mg/dl  and 360 mg/dl 
respectively. The noted higher response  of Pd-
SnO2 sample, which is higher than what the bare 
samples noted, indicates that the recorded fall in 
resistance of Pd-SnO2 sensor, could be attributed  
to the existence the catalyst (Pd) that was 
introduced to SnO2 sample[10,12]. 
 
 
Fig 3:(a)Sensor response versus variation of glucose concentration in buffer for Pd-SnO2 ,SnO2 andPdOx 
films.(b) Response versus concentration graph of glucose in buffer and water for Pd-SnO2 film 
 
Figure (3b) shows the  response variation of Pd-
SnO2 sensor for glucose in water and glucose in 
buffer for a different concentrations. The Pd-
SnO2 sensor gives lower response to the glucose 
in water than the glucose in buffer. The response 
for glucose in water was found to be 25 and 100 
for concentration of 1 and 360 mg/dl 
respectively.  
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When fructose was replacing glucose in buffer, 
the sensor shows higher response of 90 for 1 
mg/dl and the response reached to 1015 for 360 
mg/dl (Figure 4a). So, there is a significant 
increase in the response when glucose and 
fructose are dissolved in buffer as compared to, 
glucose and fructose in distilled water. These 
obtained results (higher response for glucose in 
PBS than glucose in water)  could be due to the 
difference in the pH value of the solvent, 
something similar to what Kang et al reported 
[11]. They observed a reduction in their 
response. The sensor was made of  nanorodes 
arrays of ZnO on which the glucose oxidase 
(GOx) was immobilized on the surface of ZnO. 
The reduction of 80% on the activity of GOx was 
noted when pH value 6-5 and this activity will 















Figure 4:(a)Comparison graph of response versus concentration of glucose and fructose in buffer.(b 
PdSnO2 response of sugar present in blood of normal and diabetic patients. 
 
The response time is defined as the time required 
for a sensor to attain the 90% of change in 
resistance when sensor is exposed to a test 
glucose/fructose. The recovery time is the time 
taken to get back 90% of the original resistance 
when glucose/fructose removed. It was seen that 
the time required to reach the saturation in the 
resistance was 20 seconds (sec) for glucose as 
well as for fructose. As compared to the Pd-SnO2 
sensor, PdO and SnO2 films show a response of 
~40 sec. To get back to the original resistance of 
the sensor, the sensor surface was cleaned by 
acetone and left to dray. During drying process, 
the sensor resistance had increased back to 
reached a 90% of the original resistance. The 
sensor was used several times with good 
repeatability. The recovery time was measured to 
be 2-3 minutes and it depends on the drying time. 
PdO and SnO2 films taking longer time to 
recover. All the data from this non-enzymatic 
glucose sensor showed that the sensor has faster 
response time. This may be attributed to the fact 
that the glucose/ fructose react with the adsorbed 
oxygen on the surface of the Pd-SnO2 film 
increasing electron number in the conduction 















Figure 5: (a) Schematic diagram of films with no film deposited on the middle of the film. (b) 
Comparison graph of glucose and fructose response for Pd-SnO2 with and without active material. 
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The performance of  Pd-SnO2 sensor was 
checked for sugar in blood by examining two 
blood samples of normal and diabetic patient. 
The glucose in the blood samples was measured 
clinically  and it was found to be 120 mg/dl  and 
240 mg/dl for normal and diabetic patient 
respectively. The blood samples were put 
directly, without any treatment, on the active 
area of the sensor. No change was observed in 
sensor resistance of PdO and SnO2 while Pd-
SnO2 sensor showed response of ~2 and ~ 12 for 
the samples of the normal and diabetic patient 
respectively (Figure 4b). Although there are 
many substances in blood and it cannot be 
insured that the reduction of Pd-SnO2 resistance 
is because of glucose only. But the results 
indicate that the Pd doped SnO2 sensor can be 
used to test blood sugar with no specific enzymes 
(Glucose Oxidase) and many experiments 
needed to be performed to clarify what 
substances else in the blood could react with Pd-
SnO2 surface. Also experiments need to be done 
to identify the detection process of sugar on 
metal oxide surface.  
Gas detection is generally evaluated by 
measuring the change in metal oxide 
conductivity. The conductivity increases when 
electrons are transferred to the conduction band 
of the oxide due to the reaction of the test gas 
with the surface absorbed oxygen species. 
Generally, the reaction on metal oxide surface 
requires an activation energy which is provided 
commonly either by thermal heat or/and adding 
catalyst. So SnO2 and PdO sensors showed no 
response to glucose/fructose, probably because 
the insufficient activation energy that room 
temperature provided. In amperometric, the 
electrodes are plying a good role in detecting 
glucose  by checking the electrolyte conduction 
change. We feel that the detection of our 
glucose/fructose metal oxide resistive sensor is 
similar to gas detection. Glucose/fructose reacts 
with oxygen species at the surface of metal 
oxide. This reaction releases electrons to the 
conduction band and as a sequence the resistance 
of metal oxide decreases. The suggested 
interpretation of our glucose sensor is proved by 
special experiment. Films of Pd-SnO2 were 
prepared with no material deposited on the center 
of the glass substrate (see Figure 5). As the 
center part of the film is left to be blank, drop of 
glucose and fructose was put on the center part. 
A precaution was taking to make the drop touch 
of the two sides (electrodes) of the film. With a 
different concentration of glucose and fructose, 
the film showed absolutely no effect on 
resistance value of the sensor. Because there is 
no adsorbed layer below the test drop, the 
resistance of the film probably does not fall. 
Figure 5b shows the response of glucose and 
fructose for Pd-SnO2 film and the blank centered 
film. Apparently,  no response was observed for 
the modified films (film with blank center), when 
tested for glucose and fructose(Inset figure 5b). 
The film shows very small response which is 
probably due to the absorption of glucose and 
fructose by the edge. 
To interpret the higher response that Pd-SnO2 
sensor showed for glucose in buffer, the response 
of the Pd-SnO2 sensor was checked for the buffer 
with no glucose. The response was 1.1 and was 
very low for both SnO2 and PdOx sensor. The 
higher conductivity  of Pd-SnO2 sensor is 
probably due to the reaction of Pd with the 
organic compound that leads to release electrons 
to the conduction band of SnO2 substrate. This 
reaction is highly effected by pH value of the 
solution.  
Glucose and fructose are monosaccharides they 
are compounds containing aldehyde or ketone 
group and 2 or more hydroxyl groups. Glucose is 
a crystalline solid and the backbone of glucose is 
comprised of unbranched carbon chains in which 
all the carbon atoms are linked by single bonds. 
In open-chain form, one of the carbon atoms is 
double bonded to an oxygen atom to form a 
carbonyl group; each of the other carbon atoms 
has a hydroxyl group. If the carbonyl group is at 
the end of the carbon chain, it is an aldehyde 
group. And if the carbonyl group is at any other 
position it is a ketone group as in case of 
fructose.  
In gas sensor, it is gas phase adsorption reaction 
while in the present case, it is liquid phase 
adsorption process.  As in gas sensing, it is 
observed that film resistance of the present 
sensor is the highest in air and with water and 
buffer, it falls but with glucose, it falls drastically 
and with fructose, it still falls further. This means 
that glucose and fructose gives more and more 
electrons to SnO2 conduction band.  When the 
adsorbed oxygen is reacting with 
glucose/fructose, electrons are released due to 
the removal of oxygen species from film surface. 
The reaction is catalyzed by palladium.  





Alkyl group) are more electron releasing (
+
I 
type) groups and 
–
OH is further electron 
withdrawing (
-
I type) by electrostatic induction 
effect for mesomeric chain. Now combining 
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these two: i) gas sensor and ii) polarimetry, one 
may say that in present case, with alkyl group of 
glucose (
+
δ) induces electrostatically more 




OH) thus releasing electrons to conduction band 
of SnO2 and decreases its resistance . With two 
alkyl groups in fructose, resistance of film is still 
lower. We have not considered effects of other 
groups which may be present in glucose and 
fructose nor the groups present in buffer used. 
 
Conclusion: 
A novel non-enzymatic glucose sensor based on 
Pd doped SnO2 films is obtained. The palladium 
doped tin oxide films were prepared by the single 
step thermal decomposition at the optimized 
firing temperature of 550°C. Comparing with 
SnO2 and PdOx the palladium doped tin oxide 
sensor showed a good response towards glucose 
and fructose. The chemical adsorption reaction 
of Pd doped SnO2 with sugar showed that the 
response increases with increasing in 
concentration of both glucose and fructose. The 
newly developed non-enzymatic glucose and 
fructose sensor presents a number of attractive 
features such as good stability, reproducibility as 
well as fast response time of 20 sec. Palladium in 
tin oxide films plays an important catalytic role 
in glucose and fructose sensing. It is confirmed 
by proper sensor film geometry that the reaction 
is adsorption dependent and not liquid state 
polarimetric. The surface of the film is 
mechanically and chemically stable and its 




The author Salim F. Bamsaoud is grateful to Dr. 
Omar Abdullah Bamahsoon, Kingdom of Saudi 
Arabia for the encouragements and also the 




































Pd Doped SnO2 Resistive  Film As ……………….                                               Salim Faraj Bamsaoud et al 
176 
References: 
1- Ansari, S. G., Ansari, Z. A., Seo, H.-K., Kim, G.-
S., Kim, Y.-S., Khang, G., & Shin, H.-S. (2008). 
Urea sensor based on tin oxide thin films prepared 
by modified plasma enhanced CVD. Sensors and 
Actuators, B: Chemical, 132(1), 1838–1842.  
2- Ansari, S. G., Ansari, Z. A., Wahab, R., Kim, Y.-
S., Khang, G., & Shin, H.-S. (2008). Glucose 
sensor based on nano-baskets of tin oxide 
templated in porous alumina by plasma enhanced 
CVD. Biosensors and Bioelectronics, 23(12), 
1838–1842. 
3- Bamsaoud, S. F., Rane, S. B., Karekar, R. N., & 
Aiyer, R. C. (2011). Nano particulate SnO2 based 
resistive films as a hydrogen and acetone vapour 
sensor. Sensors and Actuators B: Chemical, 
153(2), 382–391. 
4- Bamsaoud, S. F., Rane, S. B., Karekar, R. N., & 
Aiyer, R. C. (2012). SnO2 film with bimodal 
distribution of nano-particles for low concentration 
hydrogen sensor: Effect of firing temperature on 
sensing properties. Materials Chemistry and 
Physics, 133(2–3), 681–687.  
5- Casella, I. G., Gatta, M., Guascito, M. R., & 
Cataldi, T. R. I. (1997). Highly-dispersed copper 
microparticles on the active gold substrate as an 
amperometric sensor for glucose. Analytica 
Chimica Acta, 357(1–2), 63–71. 
6- Chu, X., Duan, D., Shen, G., & Yu, R. (2007). 
Amperometric glucose biosensor based on 
electrodeposition of platinum nanoparticles onto 
covalently immobilized carbon nanotube 
electrode. Talanta, 71(5), 2040–2047. 
7- Dharmadhikari, A. K., Kumbhojkar, N., 
Dharmadhikari, J. A., Mahamuni, S., & Aiyer, R. 
C. (1999). Studies on third-harmonic generation in 
chemically grown ZnS quantum dots. Journal of 
Physics: Condensed Matter, 11(5), 1363. 
8- Fang, A., Ng, H. T., & Li, S. F. Y. (2003). A high-
performance glucose biosensor based on 
monomolecular layer of glucose oxidase covalently 
immobilised on indium--tin oxide surface. 
Biosensors and Bioelectronics, 19(1), 43–49. 
9- Fardindoost, S., Iraji, A., Rahimi, F., & 
Ghasempour, R. (2010). Pd doped WO3 films 
prepared by sol – gel process for hydrogen 
sensing. International Journal of Hydrogen 
Energy, 35(2), 854–860.  
10- Farrell, S. T., & Breslin, C. B. (2004). Oxidation 
and photo-induced oxidation of glucose at a 
polyaniline film modified by copper particles. 
Electrochimica Acta, 49(25), 4497–4503.  
11- Kang, B. S., Wang, H. T., Ren, F., Pearton, S. J., 
Morey, T. E., Dennis, D. M., Linthicum, K. J. 
(2007). Enzymatic glucose detection using ZnO 
nanorods on the gate region of Al Ga N/ Ga N 
high electron mobility transistors. Applied Physics 
Letters, 91(25), 252103. 
12- Kang X, Mai Z, Zou X, Cai P, M. (2007). A novel 
glucose biosensor based on immobilization of 
glucose oxidase in chitosan on a glassy carbon 
electrode modified with gold – platinum alloy 
nanoparticles / multiwall carbon nanotubes. 
Carbon Nanotubes, 369(1), 71–79.  
13- Kim, Y. S., Ansari, S. G., Ansari, Z. A., Wahab, 
R., & Shin, H.-S. (2010). A simple method to 
deposit palladium doped SnO2 thin films using 
plasma enhanced chemical vapor deposition 
technique. Review of Scientific Instruments, 
81(11), 113903.  
14- Kumbhojkar, N., Nikesh, V. V., Kshirsagar, A., & 
Mahamuni, S. (2000). Photophysical properties of 
ZnS nanoclusters. Journal of Applied Physics, 
88(11), 6260.  
15- Li, F., Song, J., Li, F., Wang, X., Zhang, Q., Han, 
D., Niu, L. (2009). Direct electrochemistry of 
glucose oxidase and biosensing for glucose based 
on carbon nanotubes@ SnO2-Au composite. 
Biosensors and Bioelectronics, 25(4), 883–888. 
16- Li, Y., Song, Y. Y., Yang, C., & Xia, X. H. 
(2007). Hydrogen bubble dynamic template 
synthesis of porous gold for nonenzymatic 
electrochemical detection of glucose. 
Electrochemistry Communications, 9(5), 981–988.  
17- Liao, C. W., Chou, J. C., Sun, T. P., Hsiung, S. K., 
& Hsieh, J. H. (2007). Preliminary investigations 
on a glucose biosensor based on the potentiometric 
principle. Sensors and Actuators, B: Chemical, 
123(2), 720–726. 
18- Luo, P., Zhang, F., & Baldwin, R. P. (1991). 
Comparison of metallic electrodes for constant-
potential amperometric detection of carbohydrates, 
amino acids and related compounds in flow 
systems. Analytica Chimica Acta, 244, 169–178. 
19- Luo, S., Fu, G., Chen, H., Liu, Z., & Hong, Q. 
(2007). Gas-sensing properties and complex 
impedance analysis of Ce-added WO3 
nanoparticles to VOC gases. Solid-State 
Electronics, 51(6), 913–919. 
20- Matsumoto, F., Harada, M., Koura, N., & Uesugi, 
S. (2003). Electrochemical oxidation of glucose at 
Hg adatom-modified Au electrode in alkaline 
aqueous solution. Electrochemistry 
Communications, 5(1), 42–46. 
21- Nakashima, K., Takei, H., Adachi, O., Shinagawa, 
E., & Ameyama, M. (1985). Determination of 
seminal fructose using d-fructose dehydrogenase. 
Clinica Chimica Acta, 151(3), 307–310.  
22- Newman, J. D., & Turner, A. P. F. (2005). Home 
blood glucose biosensors: A commercial 
perspective. Biosensors and Bioelectronics, 
20(12), 2435–2453.  
23- Sun, Y., Buck, H., & Mallouk, T. E. (2001). 
Combinatorial discovery of alloy electrocatalysts 
for amperometric glucose sensors. Analytical 
Chemistry, 73(7), 1599–1604. 
24- Tan, R. Q., Guo, Y. Q., Zhao, J. H., Li, Y., Xu, T. 
F., & Song, W. J. (2011). Synthesis, 
characterization and gas-sensing properties of Pd-
doped SnO2 nano particles. Transactions of 
Nonferrous Metals Society of China (English 
Edition), 21(7), 1568–1573.  
Pd Doped SnO2 Resistive  Film As ……………….                                               Salim Faraj Bamsaoud et al 
977 
25- Tang, H., Chen, J., Yao, S., Nie, L., Deng, G., & 
Kuang, Y. (2004). Amperometric glucose 
biosensor based on adsorption of glucose oxidase 
at platinum nanoparticle-modified carbon 
nanotube electrode. Analytical Biochemistry, 
331(1), 89–97. 
26- Tsai, Y.-C., Li, S.-C., & Chen, J.-M. (2005). Cast 
thin film biosensor design based on a nafion 
backbone, a multiwalled carbon nanotube conduit, 
and a glucose oxidase function. Langmuir, 21(8), 
3653–3658. 
27- Vassilyev, Y. B., Khazova, O. A., & Nikolaeva, N. 
N. (1985). Kinetics and mechanism of glucose 
electrooxidation on different electrode-catalysts: 
Part I. Adsorption and oxidation on platinum. 
Journal of Electroanalytical Chemistry and 
Interfacial Electrochemistry, 196(1), 105–125. 
28- Wang, J., Wang, L., Di, J., & Tu, Y. (2009). 
Talanta Electrodeposition of gold nanoparticles on 
indium / tin oxide electrode for fabrication of a 
disposable hydrogen peroxide biosensor. Talanta, 
77(4), 1454–1459. 
29- Wang, S. G., Zhang, Q., Wang, R., Yoon, S. F., 
Ahn, J., Yang, D. J., Zhou, Q. (2003). Multi-
walled carbon nanotubes for the immobilization of 
enzyme in glucose biosensors. Electrochemistry 
Communications, 5(9), 800–803.  
30- Wilson, G. S., & Gifford, R. (2005). Biosensors 
for real-time in vivo measurements. Biosens. 
Bioelectron., 20(12), 2388–2403.  
31- Wilson, R., & Turner, A. P. F. (1992). Glucose-
Oxidase - an Ideal Enzyme. Biosensors & 
Bioelectronics, 7(3), 165–185. 
32- Zhao, J., Wang, F., Yu, J., & Hu, S. (2006). 
Electro-oxidation of glucose at self-assembled 
monolayers incorporated by copper particles. 
Talanta, 70(2), 449–454.  
33- Zhu, H., Li, L., Zhou, W., Shao, Z., & Chen, X. 
(2016). Advances in non-enzymatic glucose 
sensors based o n metal oxides. J. Mater. Chem. B, 
4(46), 7333–7349.  
34- Zou Y, Xiang C, Sun L-X, Xu F. (2008) Glucose 
biosensor based on electrodeposition of platinum 
nanoparticles onto carbon nanotubes and 
immobilizing enzyme with chitosan-SiO2 sol-gel. 


































 م2142, ديسمبر 2العدد , 41مجمة جامعة حضرموت لمعموم الطبيعية والتطبيقية المجمد
178 
 و املطعن بالبالدين  كسيد القصدير املقاومأغشاء 
 نسميي للجلوكوزإكمتحسس غري 
 
 سنديا راني                 سالم فرج بامسعود




الكيربائية العالية. تم في ىذا  ةيد المعادن الرقيقة وذات المقاومغشية أكسأستشعار السكر القائم عمى أساس البحث يعرض جياز اىذا 
أجريت الدراسة لثالثة  .(mg/dl 061-4)البحث دراسة االختالف في مقاومة المستشعر ضد تركيزات مختمفة من الجموكوز والفركتوز 
       ( أكسيد القصدير المطعم بالبالديوم 0( و )SnO2( أكسيد القصدير  )2(؛ )PdOx( أكسيد الباالديوم )4غشية رقيقة مختمفة )أ
(Pd-SnO2) أغشية .Pd-SnO2 مع األغشية العارية ) بالمقابمةبيا لمجموكوز و الفركتوز  ا  الرقيقة تظير استجابة عالية وموثوقPdOx  و
SnO2تشعر لعينات من دم المريض العادي )(. تم فحص أداء المسmg/d 421( 240( ومرضى السكري mg/d  وأظيرت أجيزة .)
لممريض العادي ومريض السكري عمى التوالي. وأظيرت أجيزة االستشعار غير األنزيمية  42~ و 2االستشعار استجابة ممحوظة من 
 (X-ray diffractometer) ة ىذه األغشية باستخدام األشعة السينيةوقد تم فحص ىيكل ومورفولوجيتقرار جيدة, والتكرار واستنساخو.االس
 (.Transmission Electron Microscopy, والمجير اإللكتروني )
 
 كسيد القصدير, بالديوم, جموكوز, فركتوز, متحسس, غشاء رقيقأ: الكممات المفتاحية
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